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Chameleons are able to capture very large preys by projecting the tongue and retracting it once it is in contact
with preys. A strong adhesion between the tongue tip and the prey is therefore required during the retraction
phase to ensure a successful capture. To determine the mechanism responsible for this strong bond, the viscosity
of the mucus produced at the chameleon’s tongue pad is measured by using the viscous drag exerted on rolling
beads by a thin layer of mucus. The viscosity of this secretion is found to be about 400 times larger than the
one of human saliva. With a dynamical model for viscous adhesion describing the motion of the compliant
tongue and of the prey during the retraction phase, the evolution of the maximum prey size with respect to the
chameleon body length is derived. This evolution is successfully compared with in vivo observations for various
chameleon species and shows that the size of the captured preys is not limited by viscous adhesion thanks to the
high mucus viscosity and the large contact area between the prey and the tongue.
Chameleons are ambush opportunistic predators feeding on
a large variety of invertebrate and vertebrate animals ranging
from ants to birds and lizards [1]. They remain motionless,
hidden from their own predators, and wait for active preys
to come within the reach of a strike. They have developed a
highly specialized feeding system based on the ballistic pro-
jection of the tongue as far as 1 − 2 body length with accel-
erations of up to 500 m/s2 [2–5] combined with a very ef-
ficient adhesion allowing the capture of preys weighing up
to 30% of their own weight [6]. The ability to project the
tongue with such high acceleration has been fairly well under-
stood [5] but the dynamics of the capture and the mechanism
responsible for the strong adhesion between the prey and the
tongue remains unclear. Interlocking, where the roughness
of both prey and tongue surfaces self-adjust to make physical
crosslinks [1, 7], and suction mechanism, similar to the one at
play in rubber suction pads [4], have been proposed to supple-
ment viscous (Stefan) adhesion [9, 10]. Here, we propose that
viscous adhesion alone could explain the outstanding ability
of chameleons to capture large preys without resorting to other
mechanisms.
The viscosity of the mucus secreted at the chameleon’s
tongue pad is a crucial parameter to study the adhesion mech-
anism. However, this specific fluid is produced in very small
amounts by glands in the tongue pad [1] and its viscosity re-
mains today completely unknown. To overcome this diffi-
culty, the drag exerted by viscous forces on small steel beads
rolling on a thin film of mucus is used to measure indirectly
the viscosity [11]. The mucus is collected from the contact be-
tween the tongue pad and a microscope slide placed in front
of a prey to provoke a shoot of the tongue. The slide is then
placed without delays on a support tilted with an angle θ. The
motion of a bead rolling down the slide is then recorded im-
mediately with a camera (250 fps). As shown in Fig. 1, after a
transient stage, the bead moves at constant velocity, vc, which
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FIG. 1. Position as a function of time of a spherical steel bead rolling
down an inclined plane covered by a mucus layer of thickness hs
for three specimens of Chamaeleo calyptratus. A free fall motion,
shown only for one sequence for clarity, is followed by a regime
at constant velocity, vc = (6.58 ± 0.06) mm/s, once the bead is
in contact with the fluid. The mass of the bead is mb = 0.175 g
(R = 1.75 mm and ρb = 7795 kg/m3).
is determined by θ, the fluid and the bead properties as follows
vc = Cv (γ/η) (sin θ)
α
(
ρbgR
2/γ
)β
(R/hs)
1/2
. (1)
The quantities γ = 70 mN/m, η and hs are the surface ten-
sion, viscosity and thickness of the mucus layer [12]. ρb and
R are the density and radius of the bead. g is the gravitational
acceleration, α = 1.6± 0.06 and β = 1.35± 0.05 are numer-
ical constants determined experimentally [11]. Cv = 0.014
is the relevant value to be used in our case because the cap-
illary number (ηvc/γ ∼ 0.04) is much smaller than 1 [11].
The validity of the method was checked with fluids of known
viscosity [18]. The various measurements of the bead motion
reported in Fig. 1 yield comparable velocities indicating that
the fluid parameters, and in particular hs, were similar in all
experiments. From Eq. (1), the viscosity is found to lie in the
range η = 0.4 ± 0.1 Pa s which is much larger than the one
of human saliva (∼ 10−3 Pa s [13]). The relatively large error
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FIG. 2. Kinematics profiles for one representative capture of a cricket
(mp ' 0.5 g) by a Chamaeleo calyptratus specimen (LSVL = 15
cm). (A) Position of the tip of the chameleon tongue as a function of
time measured with respect to the onset of retraction. The evolution
predicted by the model (2) is also shown where the mean value of all
parameters are used together with k = 212LSVL and d = 0.1LSVL).
The projection phase has been fitted qualitatively by an ad hoc func-
tion to illustrate the relevant regimes discussed in the text. d is the
distance over which the acceleration is significant during the retrac-
tion phase. (B)-(C). Velocity and acceleration as a function of time
obtained from the model (retraction) and the fit (projection) where
some relevant quantities of the retraction phase are indicated. The
vertical dashed lines define various regimes of the prey capture (see
text).
is related to the uncertainty about the thickness of the mucus
layer, hs = 25 ± 10 µm, that was determined by weighing
and measuring the area of the film. Notice that the film thick-
ness h0 involved during a capture (see below) is larger than hs
since only a part of the mucus is deposited on the microscope
slide once the tongue is detached.
This unexpectedly large mucus viscosity strongly suggests
that the prey very likely sticks to the chameleon’s tongue
through viscous adhesion. The value of this quantity is how-
ever not sufficient to determine the adhesion strength. Vis-
cous forces are determined by the viscosity together with the
flows within the fluid layer [9, 10]. The strain/shear rate in
the fluid film, which is only significant during the retraction
phase, should also be known to determine the magnitude of
the viscous forces. For this purpose, we introduce a dynami-
cal model for the retraction phase.
Figure 2 shows typical kinematics data of a prey cap-
ture recorded with a high speed camera (1000 fps) featur-
ing two main phases: tongue projection and retraction. The
chameleon first estimates the distance while the tongue slowly
protrudes out of the jaws [14]. Then, the accelerator muscle
contracts radially to squeeze against the entoglossal process of
the hyoid skeleton which leads to the projection of the tongue
with a high acceleration [5, 15, 16]. The acceleration sharply
decreases (P1 regime) to almost vanish such that the tongue
moves at a roughly constant velocity (P2 regime) [3, 5]. The
tongue then decelerates, its elongation approaching the max-
imal extension, and hits the prey before to stop when the ve-
locity vanishes and the acceleration reaches a local extremum
(P3 regime). The tongue retraction then starts, with a retrac-
tion force of roughly 1 N [17], the velocity increases while
acceleration decreases and finally almost vanish (R1 regime).
The rest of the tongue retraction is performed at essentially
constant velocity (R2 regime).
This typical sequence shows that, after the tongue whipped
out the mouth at high acceleration, it moves essentially at
roughly constant velocity except near the retraction point [5,
8]. Therefore, the tongue does not behaves like a stretched
elastic material over its whole elongation but only in a small
region around the capture point. This is consistent with the
observation that the tongue is made of nested sheaths sliding
along one another like the tubes of an extending telescope [5].
Stretching only occurs once this telescopic structure has been
fully deployed. To describe the retraction phase, we thus
model the tongue as a spring of stiffness k stretched over a
distance d which is only a fraction of the prey-jaws distance
(see Ref. [18] for the case of a constant retraction force).
The retraction phase is described by considering a prey of
mass mp at a position xp attached by a viscous fluid of thick-
ness h to a tongue of mass mt and position xt. A force ft re-
tracts the tongue and produces an increase of the mucus thick-
ness (dh/dt ≡ h˙ > 0) inducing a viscous force fa acting on
both the tongue and the prey, see Fig. 3A. This force is due to
the Poiseuille flow that is created in an incompressible viscous
fluid when it deforms: fa = (3/2pi)ηΩ2h˙h−5, where Ω is the
(constant) fluid volume [9, 10, 19]. The equations of motion
are [20]
mtx¨t = ft − fa
= k(d+ h0 − xt)H(d+ h0 − xt)− αh˙h−5, (2a)
mpx¨p = fa = αh˙h
−5, α = 3ηΣ2h20/2pi, (2b)
h = xt − xp, (2c)
with the initial conditions xp(0) = x˙p(0) = x˙t(0) = 0 and
xt(0) = h0. Σ = Ω/h0 is the initial contact area between
the prey and the tongue and h0 is the initial mucus thickness.
The Heaviside function H(x) is added to describe an applied
(retraction) force vanishing when the tongue has reached a re-
traction distance d (i.e. when xt > d+h0). Therefore, beyond
that distance, only inertia is involved, h stays constant and
both the tongue and the prey move at constant speed. This im-
plies that the prey can only detach before the tongue reaches
the position d+ h0.
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FIG. 3. (color online). (A) Schematic of the initial state of the retraction phase with the adhesion force fa, the applied force ft, the initial
thickness of the mucus layer h0 and the distance d over which the retraction force applies. (B) Evolution of the normalized mucus thickness
H and adhesive force Fa as a function of the normalized position of the tongue tip Xt obtained by solving Eqs. (3) numerically for H0 = 0.1,
D = 300 and several values of m = mp/mt. (C)-(D) Evolution of the relative variation of H and Fa as function of the normalized time T
for H0 = 0.1, D = 300 and m = 10 (C) or m = 100 (D) showing three regimes: (I) onset of retraction, (II) retraction without detachment
(Λ = 2.76) (C) or with detachment (Λ = 0.84) (D) and (III) inertial motion. The approximate expressions (4), (6) and (7) for Fa and H are
also shown.
This system is characterized by the length scale ` =
(α2/mtk)
1/10 and the time scale τ = (mt/k)1/2 which are
used to adimensionalize the equations of motion as follows
X¨t = (D +H0 −Xt)H(D +H0 −Xt)− H˙H−5, (3a)
X¨p = m
−1 H˙H−5, m = mp/mt, (3b)
H = Xt −Xp. (3c)
To illustrate the dynamics produced by this model, Fig. 3B
shows the evolutions of H and Fa = H˙/H5 as a function of
the tongue position Xt for some typical values of H0 and D.
Depending on the magnitude of m, two different behaviors
are observed. When m ≤ m?, H stays finite and there is no
detachment. The adhesive force Fa always vanishes precisely
atXt = D+H0 where Ft cancels andH is therefore constant
beyond that distance (H˙ = 0). The prey stays then attached
to the tongue since both move at the same speed. However,
when m > m?, H diverges at some detachment distance X?t
leading to a sudden fall of the adhesive force. Therefore, it ex-
ists a critical value m = m?(H0, D) above which detachment
occurs. We derived this relation analytically below.
Except from a tiny region near the onset of retraction,
Fig. 3B shows that when the adhesive force is non vanishing
it satisfies in good approximation the following relation
Fa ' F appa = m(D +H0 −Xt)/(1 +m). (4)
Substituting Eq. (4) into Eqs. (3a) and (3b) and solving the
ODE leads to the tongue and prey positions
Xt ' H0 +D (1− cosωT ), (5a)
Xp ' D (1− cosωT ), ω = (1 +m)−1/2. (5b)
These approximates solutions imply that H stays close to H0
during the retraction. The correct evolution of H can nev-
ertheless be obtained from the adhesive force which, using
Eqs. (4) and (5a), reads
Fa ' F appa =
H˙
H5
' Dm
1 +m
cosωT. (6)
An integration leads to the evolution of the mucus thickness
as a function of time
H ' Happ = H0
[
Λ
Λ− sinωT
]1/4
, Λ =
√
1 +m
4mDH40
. (7)
These approximate expressions (6)-(7) agree very well with
the numerical solutions as seen in Fig. 3C-D and are valid until
Fa vanishes. Interestingly, the approximate solution captures
very well the divergence of H that occurs only when Λ ≤
1. In such a case (unsuccessful capture), the adhesive force
vanishes while the retractive force still applies to the tongue
leading to a prey detachment at time T = T ?, or equivalently
at Xt = X?t , given by
T ? =
1
ω
arcsin Λ, X?t = H0 +D
(
1−
√
1− Λ2
)
. (8)
4After detachment, the prey moves at constant speed Vp(T ?) =
(4mH40 )
−1 while the tongue still accelerates until it reaches
the position D +H0, where Ft vanishes.
When Λ > 1, the mucus thickness H increases to saturate
at a finite value H = H0[Λ/(Λ − 1)]1/4, see Eqs. (5a), (7)
and Fig. 3C. Therefore, the adhesive force acts on the prey
until the retractive force vanishes when the tongue reaches the
position D +H0 at time T = TD = pi/(2ω).
The necessary condition for a successful capture can be
written as Λ > 1. Considering the definition of Λ, it im-
poses the following constraint on the prey mass: mp < m?p =
mt/(16D
2H80 ), assumingm
?  1. Returning to the physical
variables, the maximum prey mass is therefore given by
m?p = ρV
? =
9
64pi2
η2Σ4
kd2h40
, (9)
where ρ ' 1050 kg/m3 is a typical prey density and V ? the
prey volume [21]. The values of the parameters assumed to
be constant are: η = (0.4± 0.1) Pa s and h0 ' 2hs = (50±
10) µm. In contrast, the morphological parameters, k, Σ and
mt depend on the snout-vent length, LSVL, of the specimen.
From kinematics and morphological data found in literature
for various chameleons [18], we get k = (223 ± 60)LSVL,
Σ = (4.8 ± 1.2) 10−3L2SVL and mt = (0.45 ± 0.09)L3SVL
in MKS units. Therefore, we obtain the following order of
magnitudes for the characteristic length and time scales: ` '
0.3 − 0.5 mm and τ ' 2 − 9 ms for LSVL = 50 − 200 mm.
We also expect d to scale linearly with LSVL, d = (0.2 ±
0.1)LSVL [18, 22].
Using these parameter values, Eq. (9) can be written as a
function of the chameleon body size as
V ?1/3 = (2.7± 1.6)L5/3SVL, (10)
in MKS units. In the literature, two studies report in vivo
analysis of the stomachal contents of a large number of
chameleons to determine the mean maximum prey size in re-
lation to the chameleon SVL [18, 23, 24]. Figure 4 shows a
comparison between these data and Eq. (10). The maximum
prey size estimated from the adhesion model is close but al-
ways larger than the experimental data and follows the global
trend of the data. Viscous adhesion alone is therefore largely
sufficient to allow the capture of very large preys. Actually,
the adhesive mechanism appears to be outsized with respect to
the usual preys found in stomachal contents (see Fig. 4). This
outstanding adhesion strength allows however chameleons to
capture birds, lizards or mammals when they have the oppor-
tunity. Viscous forces could also explain the reported capture
of prey weighing 30% of the chameleon body mass [6]. For a
specimen with LSVL = 0.1 m, for example, the lower estimate
of the maximum prey mass is about 60% of the chameleon
body mass. Notice that during a capture, the maximum prey
size could be lowered by a smaller contact area due to an im-
perfect shooting or by the gripping of the prey which are not
taken into account here. Some “safety factor” is thus neces-
sary to ensure a successful capture even when the conditions
are not optimal.
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FIG. 4. Measured maximum prey size as a function of LSVL obtained
for a large sampling of chameleons [23, 24] plotted together with the
prediction of a pure viscous adhesion model described by Eq. (10).
The theoretical evolution with the viscosity of human saliva is shown
for comparison.
Considering the maximum retraction force fmax = kd,
Eq. (9) can be rewritten as m?p ∼ kη2Σ4/f2maxh40. It may
appear paradoxical that m?p increases when fmax decreases.
Actually, the prey is attached to the tongue by a fragile vis-
cous bound. If a large retraction force is applied to an heavy
prey, the inertial force will be so large that the bound will
break. Instead, if a small retraction force is applied, the vis-
cous bound may resist to gentle displacement of the prey, i.e.
with a very small acceleration. In fact, the fast kinematics es-
sential to capture a prey at long distance without allowing it to
dodge the tongue imposes that the retraction force cannot be
arbitrarily small which limits the maximum prey mass.
Equation (9) shows that two parameters influence positively
the adhesive trap: the fluid viscosity and the contact area. The
specific shape of the tip of the chameleon tongue which is
large and form a kind of cup during the capture due to the
action of specific muscles [4] allows a drastic increase of the
tongue-prey contact area, Σ. Indeed, a cup shape with highly
deformable lips allows a large embedding of the prey within
the tongue. Interestingly, Plethodontidae (salamanders) use
also a ballistic tongue to capture preys and have also devel-
oped a large and flexible tongue pad to engulf the prey and
thus maximize the contact area [25, 26]. Experiments to mea-
sure the viscous adhesion strength against other possible ad-
hesion mechanisms should therefore be conducted very care-
fully with a constant contact area. A large mucus viscosity, as
measured above, is also essential. For instance, if the viscos-
ity of the chameleon tongue secretion was similar to human
saliva (η ' 10−3 Pa s), Eq. (9) shows that maximum prey
mass would be reduced by roughly a factor of 105 making
this mode of capture extremely inefficient.
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Supplementary materials
MATERIALS AND METHODS
Biological organisms – For the experiments, we used 5
chamelons (Chamaeleo calyptratus).
Rolling beads experiments – The viscosity of the adhesive
fluid was measured from a rolling bead method. Steel beads
were used with known mass (0.175 g) and diameter (3.5 mm).
The mucus is collected from the contact between the tongue
pad and a microscope slide placed in front of a prey to pro-
voke a shoot of the tongue. The thickness of the fluid is mea-
sured by weighing on a micro-balance and measuring the vis-
ible area of the film on a photography of the slide. The slide
is then placed without delays on a support tilted with an an-
gle of 10◦ with respect to the horizontal. The motion of a
bead rolling down the slide is then recorded immediately with
a camera (250 fps). The position of the bead was obtained by
direct analysis of digitalized video with ImageJ. The velocity
of the bead was then measured in the regime where it is con-
stant. The validity of the method was checked with fluids of
known viscosity (silicone oil), see next section.
Kinematics of capture – Sequences of cricket capture by
Chamaeleo calyptratus were recorded with a Photron high
speed camera operating at 1000 fps. The tongue pad position,
x(t), were directly measured with ImageJ on the movie.
ROLLING BEADS
The drag exerted by viscous forces on small steel beads
with known mass (0.88 g) and diameter (6.0 mm) rolling on a
fluid thin film is used to measure indirectly the viscosity of the
mucus produced at the chameleon tongue tip [1]. Our setup
has been tested with three fluids (silicone oil) of known vis-
cosity η. Glass plates are coated with those viscous oil using a
bar coater to obtain a uniform fluid film with a given thickness
hs. A bead with a given radius R and density ρb is placed on
the top of the coated glass plate titled with an angle θ and rolls
down the slope. The position of the beads as a function of time
is recorded with a high speed camera. After a transient stage,
the bead moves at constant velocity, vc, whose expression as
a function of the various physical parameters of the system is
given by Eq. (1) of the main text. This expression has been
intensively tested experimentally. Figure 5 shows the results
of hundreds of experiments performed in Ref. [1]. Therefore,
we have only performed few experiments to verify that our
setup was able to reproduce the expected results. As shown in
Fig. 5, our data are in good agreement with those reported in
Ref. [1].
η vc / γ
0.023 (sin θ)1.6 (ρbgR2/γ)1.35 (R/hs)0.5
η = 3 Pa s, hs = 90 μm
η = 3 Pa s, hs = 120 μm
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FIG. 5. Evolution of the rescaled constant velocity vc as a function
of the relevant combinaison of the control parameters. Data from
Ref. [1] are characterized by the following ranges for the physical
parameters: 1.6 mm ≤ R ≤ 16 mm, 1.4 g/cm3 ≤ ρb ≤ 14.9 g/cm3,
1 mPa s ≤ η ≤ 100 mPa s and 0.02 ≤ sin θ ≤ 1. For ηvc/γ > 1,
the scaling is given by Eq. (1) of the main text with D = 0.023. For
ηvc/γ < 1, the scaling is the same but withD = 0.014. This scaling
has been tested with our experimental setup by using three silicone
oils of known viscosity (γ = 20 mN/m) for several thicknesses of
the fluid layer as indicated and with θ = 10◦.
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FIG. 6. Evolution of the tongue mass, mt, as a function of the SVL
for 105 chameleons among 23 species from Ref. [2].
RELATIONSHIPS BETWEEN RELEVANT PARAMETERS
AND SVL
Mass of the tongue – One morphological parameter needed in
the model developed in the main text is the mass of the tongue,
mt. The evolution of the tongue mass as a function of LSVL
is shown in Fig. 6 for a large number of specimens among
various species [2]. In good approximation, mt behaves as
the third power of LSVL as follows
mt = (0.45± 0.09)L3SVL, (11)
in MKS units.
Length and section of the tongue – The length of the un-
stretched tongue, Lt, is approximated by the length of the en-
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FIG. 7. Evolution of the length of the entoglossal process, Lent, as
a function of the SVL for 105 chameleons among 23 species. The
data come from Ref. [2]. The unstretched tongue lengths, Lt, are
approximated by Lent.
toglossal process (the tongue’s skeletal support), Lent, and is
reported as a function of LSVL in Fig. 7 for a large number of
specimens among various species [2]. In good accuracy, Lt
behaves linearly with LSVL as follows
Lt ' Lent = (0.27± 0.05)LSVL. (12)
The cross section area of the tongue is obtained indirectly
from the mass and the length of the tongue by approximating
the volume of the unstretched tongue by the one of a cylinder,
mt ' ρmStLt. Equations (11) and (12) together with the typ-
ical density of muscles (ρm ' 1060 kg/m3) [3], gives the evo-
lution of the tongue section St as a function of the chameleon
size:
St = (1.6± 0.4) 10−3L2SVL. (13)
Area of the tongue pad – Another morphological parameter
needed in the model developed in the main text is the contact
area Σ between the prey and the tongue. Since our intend is
to quantify the maximum size of the prey captured by viscous
adhesion, we consider that Σ is given by the tongue size and
not the prey size (chameleons are able to capture very large
prey, such as birds or other lizards, having a size much larger
than the tongue pad). If the tip of the tongue is approximated
by half a sphere, then its area is twice the area of the tongue
section St. Since the tip of the tongue deforms during a cap-
ture [4], we consider that the contact area is roughly given by
3 times St. Therefore, using Eq. (13), we get the following
scaling:
Σ ' 3St ' (4.8± 1.2) 10−3 L2SVL. (14)
Stiffness of the tongue pad – The last morphological param-
eter needed in the main text is the stiffness of the tongue,
k. According to the model developed in the main text, the
maximum acceleration during the retraction phase is given by
amax = kd/(mt + mp). Using amax and d extracted from
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FIG. 8. Evolution of the tongue stiffness (A) and the parameter d (B)
as a function of the SVL deduced from kinematics data of Refs. [5-8].
the kinematics data found in Refs. [5-8], we calculated k as
shown in Fig. 8A. The corresponding values of d are given in
Fig. 8B. In good accuracy, k and d behaves linearly with LSVL
as follows
k = (223± 60)LSVL, (15)
d = (0.2± 0.1)LSVL, (16)
in MKS units.
Total body mass for chameleons – In the main text, an estima-
tion of the maximum prey size captured by viscous adhesion,
(V ∗)1/3, has been obtained as a function of the chameleon
sizes. The corresponding prey mass, m∗ = ρV ∗, is then com-
pared to the total mass of the chameleon,M . For this purpose,
the evolution of M with respect to LSVL should be known.
This evolution is reported in Fig. 9 for a large number of spec-
imens among various species [2]. As expected, M behaves as
the third power of LSVL as follows
M = (21.9± 4.0)L3SVL, (17)
in MKS units.
Head length – In order to compare the predictions of the
model with available data, the measures performed in Ref. [9]
needed to be manipulated. In particular, the head length,
Lhead, must be related to the SVL. This evolution is shown in
Fig. 10 for a significant number of specimens among several
species [10]. In good approximation, Lhead behaves linearly
with LSVL as follows
Lhead = (0.27± 0.05)LSVL. (18)
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FIG. 9. Evolution of the chameleon body mass as a function of the
SVL for 105 chameleons among 23 species from Ref. [2].
MAXIMUM PREY SIZE VS SVL - DATA MANIPULATIONS
In order to test the model presented in the main text, we
compare its predictions with reported in vivo data giving the
maximum prey size as a function of the chameleon size [9,11].
The authors use the analysis of the stomachal contents for a
large numbers of chameleons to determine various parame-
ters including the mean maximum prey size. In Ref. [11], the
authors measured the maximum prey volume as a function of
the SVL. These data can therefore be used directly in Fig. 4
of the main text. However, in Ref. [9], the authors measured
the maximum prey width as a function of the chameleon head
length. The relation between the head length and the SVL
has been obtained in Eq. (18). Therefore, the complete con-
version of the data requires the estimation of the prey volume
from the prey width in order to obtain the maximum prey size
as a function of SVL for both studies.
The prey volume is approximated by the one of a cylinder:
Vprey = (pi/4)W
2L, where W is the width and L the length
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FIG. 10. Evolution of the head length as a function of the SVL for
54 chameleons among several species [10].
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FIG. 11. Evolution of the length with respect to the width
for various invertebrates and insects as indicated (potential preys
for chameleons). These data come from Refs. [12-17]. Ter-
restial invertabrates include specimens from the following orders:
Coleoptera, Homoptera, Hymenoptera, Orthoptera, Araneae and Mi-
crocoryphia. The length and width of Apoica pallens are obtained
from an average over 50 specimens (queens and workers) [16]. Data
for the largest Coleoptera are obtained from measurements on a pho-
tography found in Ref. [17].
of the prey. The evolution of L with respect to W is reported
in Fig. 11 for a large set of invertebrates and insects [12-17].
By using the following relation,
L = (2.8± 1.5)W, (19)
90% of the data are included (see grey area in Fig. 11). This
last relation allows to express the volume as a function of the
width only. Therefore, the conversion for the prey size is made
with the relation
V 1/3prey = (1.3± 0.2)W. (20)
CAVITATION
It has been previously shown that cavitation could affect
the adhesion strength during the retraction of a probe con-
nected to a fixed substrate through a viscous layer [18]. Cavi-
tation occurs if the depression in the fluid induced by the flow,
∆p = (3/pi)ηΩh˙h−4, is larger than the atmospheric pressure:
∆p ' 2fa/Σ >∼ patm, where Σ = Ω/h0 is the area of con-
tact between the tongue and the prey [18]. However, the vis-
cous force is never larger than the retraction force, fa ≤ ft.
The maximum retraction force is given by: fmax = kd =
(45± 25)L2SVL in good agreement with direct force measure-
ments [19]. Therefore, using Eq. (14), the depression in the
fluid can never exceed ∆p ' 2ft/Σ ' (1.86 ± 1.15) 104
which is at least 3 times smaller than the atmospheric pressure.
The retraction force is thus too small to allow the formation
of cavitation.
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FIG. 12. Schematic of the initial state of the retraction phase with
the adhesion force fa, the applied force ft, the initial thickness of
the mucus layer h0 and the distance d over which the retraction force
applies along the direction φ.
GENERAL EQUATIONS OF MOTION
In this section, we derive the equations of motion taking
into account gravity and the orientation φ of the retraction
force. The retraction phase is described by considering a prey
of mass mp at a position (xp, yp) attached by a viscous fluid
of thickness h to a tongue of mass mt and position (xt, yt).
A force ft retracts the tongue with an angle φ with respect
to the horizontal x-axis and produces an increase of the mu-
cus thickness inducing a viscous force fa acting on both the
tongue and the prey, see Fig. 12. The equations of motion
obtained by projecting the forces along x and y-axis are
mtx¨t = (ft − fa) cosφ, (21a)
mty¨t = (fa − ft) sinφ+mtg, (21b)
mpx¨p = fa cosφ, (21c)
mpy¨p = −fa sinφ+mpg. (21d)
Subtracting Eqs. (21a) and (21c), we obtain
h¨ =
ft
mt
−
(
1
mt
+
1
mp
)
fa, (22)
where h = (xt − xp)/ cosφ = (yp − yt)/ sinφ. Subtracting
Eqs. (21b) and (21d) yields the same result. Therefore, the
evolution of the mucus thickness h depends neither on g nor
on φ. We can thus consider g = φ = 0, as in the main text, to
obtain the condition under which a capture is successful.
ADDITIONAL INFORMATION ABOUT THE MODEL
Short time evolution
Figures 3(c)-(d) of the main text show the evolutions of H
and Fa as a function of T . At the onset of retraction (phase
I), when T  1, the tongue position is still close to its initial
value, Xt ' H0, as well as the variation of thickness, H˙  1.
Therefore, Eq. (3c) of the main text simplifies as H¨ ' D
leading to H ' H0 + DT 2/2 and Fa ' (D/H50 )T . Since
D/H50  1, Fa increases rapidly while Xt  D leading
to a decrease of H¨ given by H¨ ' D − [(1 + m)/m]H˙/H5.
When Fa reaches a value close to mD/(1 +m), H¨  1 and
stays small until H diverges. WhenXt is no longer negligible
compared toD while being smaller thanD and H¨  1 (phase
II), the adhesive force satisfies the equation
Fa ' F appa = m(D +H0 −Xt)/(1 +m). (23)
This linear relationship between Fa and Xt compares well
with the numerical solution as shown in Fig. 3(b) of the main
text.
Maximum prey mass
Equation (9) of the main text can also be obtained with-
out solving the equations of motion. The work performed
by the retraction force is given by W =
∫ d
0
ftdx =
kd2/2. The maximum kinetic energy of the prey is ob-
tained by integrating once Eq. (2b) of the main text: U (p)max =
(
∫ td
0
fadt)
2/(2mp) = α
2/(32mph
8
0Λ
2), where we have used
the explicit expression of the adhesive force and the saturation
value of h. Equating these two last expressions with Λ = 1
yields Eq. (9) of the main text. Therefore the maximum prey
mass can be estimated from the following relation
m?p =
9
128pi2
η2Σ4
h40W
, W =
∫ d
0
ft dx (24)
where d is the distance over which the retraction force is sig-
nificant. This relation may be useful if one considers a more
sophisticated expression for the retraction force.
CONSTANT RETRACTION FORCE
In this section, we consider the case of a constant retraction
force ft applying on the tongue over a distance d in order to
show that the maximum prey size obtained in the main text
does not depend significantly on the spatial variation of the
force. Only the typical magnitude of the retraction force and
the distance d are important. The equations of motion are
mtx¨t = ftH(d+ h0 − xt)− αh˙h−5, (25a)
mpx¨p = fa = αh˙h
−5, α = 3ηΣ2h20/2pi, (25b)
h = xt − xp, (25c)
with the initial conditions xp(0) = x˙p(0) = x˙t(0) = 0 and
xt(0) = h0. This system is characterized by the length scale
` = (α2/mtft)
1/9 and the time scale τ = (αm4t/f
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FIG. 13. Measured maximum prey size as a function of LSVL ob-
tained for a large sampling of chameleons [9,11] plotted together
with the predictions of a pure viscous adhesion model described ei-
ther by Eq. (10) of the main text or by Eq. (10) (constant force).
which are used to adimensionalize the equations of motion as
follows
X¨t = H(D +H0 −Xt)− H˙H−5, (26a)
X¨p = m
−1 H˙H−5, m = mp/mt, (26b)
H = Xt −Xp. (26c)
The critical value m? above which the prey detaches from the
tongue is obtained when H diverges precisely when Xt =
D + H0 (for m > m? the detachment occurs for Xt <
D + H0). Therefore, to derive m?, it is enough to consider
the equation in the interval H0 ≤ Xt ≤ D + H0 where the
equation for the thickness evolution and the tongue position
read
X¨t = 1− H˙H−5, (27a)
H¨ = 1− 1 +m
m
H˙
H5
, (27b)
with Xt(0) = H0, X˙t(0) = 0, H(0) = H0 and H˙(0) = 0.
At the onset of retraction, when T  1, the thickness is still
close to its initial value, H˙  1. Therefore, Eq. (27b) simpli-
fies as H¨ ' 1 leading to H ' H0 + T 2/2 and Fa ' T/H50 .
Since H−50  1, Fa increases rapidly leading to a decrease
of H¨ . When Fa reaches a value close to m/(1 +m), H¨  1
and stays small until H diverges. In good approximation, the
adhesive force thus satisfies the equation
Fa ' F appa = H˙H−5 = m/(1 +m). (28)
An integration of Eqs. (27a) and (28) leads to the evolution of
the tongue position and of the mucus thickness as a function
of time
Xt ' H0 + T
2
2(1 +m)
, (29a)
H ' Happ = H0
[
Λ
Λ− T
]1/4
, Λ =
1 +m
4mH40
. (29b)
The thickness H is thus seen to diverge at time T ? = Λ. The
critical mass m? is obtained from the condition Xt(T ?) =
D + H0. From Eq. (29a), the definition of Λ and assuming
m?  1, we obtain
m? =
1
32DH80
. (30)
Returning to the physical variables, the maximum prey mass
is therefore given by
m?p =
9
128pi2
η2Σ4
ft d h40
. (31)
Notice that this expression coincide precisely with Eq. (24)
when ft is constant. Using the parameter values reported in
the main text together with ft = fmax obtained in Section ,
Eq. (31) can be written as a function of the chameleon body
size as
V ?1/3 = (2.2± 1.1)L5/3SVL, (32)
in MKS units. Figure 13 shows a comparison between data
from Refs. [9,11], Eq. (10) of the main text and Eq. (32). We
thus see that, provided ft has the correct order of magnitude,
both models yield similar results.
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